We derive the rate at which photons in an optically thick line are absorbed by cold dust. This rate is approximately equal to the dust optical depth to the cloud center times the rate at which the photons escape from the cloud. Our derivation is in response to a recent article by Strel'nitskii in which he incorrectly criticized our previous application of this result to models for the pumping of cosmic masers. Strel'nitskii now agrees that his criticism was unjustified. Subject headings: masers-nebulae: general-radiative transfer Goldreich and Kwan (1974) (henceforth GK) argue that collisional pumps for cosmic masers are limited by the rate at which infrared line photons are lost either by escape from the cloud or by absorption on cold dust particles. In particular, they assert that the rate of photon absorption by cold dust particles is approximately equal to the dust optical depth to the cloud center times the rate at which photons escape from the cloud. This assertion has been challenged by Strel'nitskii (1977) , who claimed that correct allowance for the removal of IR photons by cold dust particles frees the collisional pump mechanism from the thermodynamic difficulty indicated by GK. In this note we provide a proof of our assertion which Strel'nitskii (1978) now agrees is correct.
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For simplicity, we consider a model molecule with two scalar levels connected by an allowed dipole transition. The population number densities of the lower and upper levels are n1 and n2 ; and the coefficients of spontaneous emission, stimulated emission, and absorption are A, B21 = B12 = B. The equation of transfer in the line is given by
Here I. is the specific intensity along I, <f>(v) is the normalized line profile function (assumed Gaussian), and na, aa, and r:a(v) are the number density, the geometrical cross section, and the absorptivity of the dust grains. In writing equation (1), we assume complete frequency redistribution for photons scattered by the molecules. The dust particles are assumed to be cold, so their emission is neglected. Scattering by the dust particles is also ignored since we are interested in infrared photons whose wavelengths are much larger than the dimensions of the dust particles. 
is the profile averaged mean intensity, Cis the downward collision rate, and Tis the kinetic temperature. The net rate of production of line photons per unit volume due to collisions is
In a steady state it follows from equation (2) 
(5) Equation (1) is divided by hv and then integrated over frequency and solid angle, and the result is combined with equation (5). This procedure yields d~;h = f f ~v ~ dvdQ + JJ naaar:a(v) ~; dvdQ. (6) Equation (6) may be cast in a more revealing form by noting that J ~~dO= J (I·V)I.dQ = f V·(I.I)dQ = V·F., (7) where F. is the photon flux. Thus (8) is seen to be the rate at which photons are lost per unit volume due to the divergence of their flux and to their absorption by dust.
The total rate at which photons are lost is obtained by integrating equation (8) over the volume of the cloud. We find (9) where ii is the outward unit normal. For a homogeneous cloud and a line of large optical depth, J. ~ I. except within a few optical depths of the surface. Furthermore, F. ~ TT!li at the cloud's surface. Of course, lv is not exactly the same near the surface of the cloud as in its interior. We ignore this fine distinction and evaluate equation (9) 
where Llv is the line width. Equation (10) proves the assertion made in GK-namely, the rate at which photons are absorbed by cold dust is approximately equal to the dust optical depth to the cloud center times the rate at which photons escape from the cloud. We note that dNphfdt takes on its maximum value if lv is equal to the Planck function B.(T). It is this maximum rate which is quoted in the numerical examples presented by GK.
